Abstract -(Vinylketene)tricarbonyliron complexes are synthesised from readily-available (vinylketone)tricarbonyliron complexes. They react with isonitriles to give (vinylketenimine)tricarbonyliron complexes and with phosphonoacetate anions to give (vinylal1ene)tricarbonyliron complexes. Nucleophiles add to C-1 of the vinylketene complexes to produce P,y-unsaturated carbonyl derivatives whilst, in contrast, nucleophiles add to C-2 of the vinylketenimine complexes to give P,y-unsaturated carbonyl derivatives containing CL quaternary centres. Addition of nucleophiles to optically pure vinylketenimine complexes generates optically pure quaternary centres. Oxidation of the vinylallene complexes leads to 5,5-disubstituted 2(5H)-furanones.
INTRODUCTION
Vinylketenes complexed to a range of transition metals including iron, vandium, manganese, cobalt and molybdenum have been isolated and characterised over the last thirty years (ref. 1) . Although many of these complexes were found to be highly stable and easy to manipulate, very few investigations of their reactivity have been carried out probably reflecting the fact that many of the synthetic methods used to generate them were low-yielding and/or lengthy. We recently discovered a new and direct route to (viny1ketene)tricarbonyliron complexes and this has enabled us to carry out extensive studies of their reactivity. Experiments executed to date, described below, have shown that the vinylketene complexes may be converted directly into tricarbonyliron complexes of vinylketenirniiies (including optically pure vinylketenimine complexes) and tricarbonyliron complexes of vinylallenes. Also discussed below are reactions which release the vinylketene, vinylketenimine and vinylallene ligands to give organic products, some of which have been produced in homochiral form.
SYNTHESIS OF (VINYLKETENE) TRICARBONYLIRON COMPLEXES
Some time ago, during a study of the reactivity of iron tricarbonyl complexes of vinylketones, we found that addition of &yl-lithium reagents to these complexes under a nitrogen atmosphere generated 1,4-diketones in good yield (ref. 2) . Replacing the nitrogen atmosphere with a carbon monoxide atmosphere, however, led to the production of organometallic compounds identified as (vinylketene)tricarbonyliron complexes (ref.
3) (scheme 1). Thus a range of (viny1ketene)tricarbonyliron complexes are available in a two-step synthesis from vinylketones in overall yields of between 28% (R1 = Me) and 74% (R1= But). Mechanisms to account for the conversion of (vinylketone)tricarbonyliron complexes to 1 ,Cdiketones under nitrogen and (vinylketene)tricarbonyliron complexes under carbon monoxide are illustrated in scheme 2. In a common first step, the alkyl-lithium reagent adds to a metal-carbonyl ligand to give a metal-carbene. It is proposed that the iron-carbon double bond thus generated may then undergo the f i t step of a metathesis-type reaction with either (a) the carbon-carbon double bond of the vinylketone ligand ultimately leading to the 1,4-diketone on work-up, or (b) the carbon-oxygen double bond of the vinylketone ligand leading to the vinylketene complex via (i) carbonylation, (ii) completion of the metathesis reaction forming a new ironcarbon double bond in a vinylcarbene complex and a new carbon-oxygen double bond in a liberated molecule of alkanoate, and (5) a second carbonylation step. It is of note that we have isolated the proposed alkanoate by-product (ref.
3) and that the carbonylation of (viny1carbene)tricarbonyliron complexes to (vinylketene)tricarbonyliron complexes has been observed previously (ref. 4-5) .
SYNTHESIS O F (VINYLKETENIMINE) TRICARBONYLIRON COMPLEXES
The first reaction of the vinylketene complexes that we investigated was their reaction with isonitriles. We found that simply heating (vinylketene)tricarbonyliron complexes with isonitriles at 80 OC led directly to (vinylketenimine)tricarbonyliron complexes (scheme 3) (ref.
3). This unprecedented reaction was examined more closely. Firstly, as monitoring the reactions depicted in scheme 3 by t.1.c. had revealed the appearance and disappearance of an intermediate, several of the reactions were halted after 3-3.5 h. The product mixtures contained not only (viny1ketenimine)tricarbonyliron complexes but also compounds identified as (vinylketene)dicarbonylisonitrile complexes (scheme 4). These complexes were isolated and converted to (vinylketenimine)tricarbonyliron complexes under the reaction conditions used for the ketene-ketenimine transformation (scheme 5 ) (ref.
3). Secondly, the two (vinylketene)dicarbonylisonitrileiron complexes depicted in scheme 6 were heated in the same reaction vessel. This gave a product mixture from which the corresponding (vinyllcetenimine)tricarbonyliron complexes were isolated in yields consistent with those yields recorded previously for this reaction. We were unable to detect any evidence for the generation of cross-over products during the experiment and this suggests that the carbonyl/isonitrile exchange occurs intramolecularly (ref.
3). The use of an optically pure isonitrile in the vinyketenimine synthesis appeared to be a promising approach to optically pure vinyketenimine complexes. Accordingly (S)-(-)-a-methylbenzyl isonitrile (ref. 6 ) was heated with a vinyketene complex as depicted in scheme 9 (ref. 7). This gave a 1:l mixture of diastereoisomeric vinyketenimine complexes which it proved possible to separate by column chromatography. The relative stereochemistry of the slower moving diastereoisomer was determined by X-ray crystallography and the optical purity of the diastereoisomers was proven to be >92% by derivatisation (see below). 
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S Y N T H E S I S OF ( V I N Y L A L L E N E ) T R I C A R B O N Y L I R O N C O M P L E X E S
The first example of a (vinylal1ene)tricarbonyliron complex was reported as recently as 1988 and was synthesised by irradiating an allenic lactone in the presence of Fe(CO)5 (ref. 8) (scheme 10). This gave a mixture of several products including the (viny1allene)tricarbonyliron complex which was characterised by Xray crystallography. We thus proposed that an increase in the steric demands of the phosphonoacetate should lead to improved stereoselectivity. The reactions recorded in scheme 11 were repeated using the anion derived from tert-butyl diethyl phosphonoacetate and, as may be seen in scheme 12, these reactions did indeed occur more selectively and produced predominantly one stereoisomer (ref. 9). The relative stereochemistry of the major and minor stereoisomers of the vinylallene complexes was determined by an X-ray crystal structure analysis of the major stereoisomer of the product obtained from the reaction between the methyl-substituted vinylketene and the rert-butyl diethyl phosphonoacetate anion (scheme 13). This revealed that in the major stereoisomer, the bulky carboalkoxy group is directed away from the tricarbonyliron unit. Comparison of the 1H NMR shift values of the proton attached to the allene terminus in the major and minor stereoisomers of all the vinylallene complexes formed revealed that all the major stereoisomers had the same relative stereochemistry.
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NUCLEOPHILIC A D D I T I O N TO (V1NYLKETENE)-A N D ( V I N Y L K E T E N I M I N E ) T R I C A R B O N Y L I R O N C O M P L E X E S
The reactions of the vinylketene complexes with a range of nucleophiles have been examined. As depicted in scheme 14, addition of sulphur, carbon, oxygen and nitrogen nucleophiles occurs at C-1 to give P,yunsaturated carbonyl products (ref. 10).
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Scheme 14
Nucleophilic attack on vinyketenimine complexes has also been examined. It was discovered that alkyllithium reagents attack these complexes at C-2 to give, after stirring briefly (10 min) with acid and an oxidative work-up, P,y-unsaturated amides containing an a quaternary centre (scheme 15) (ref. 10).
OXIDATION OF (VINYLALLENE) TRICARBONYLIRON COMPLEXES
The reactivity patterns of (vinylal1ene)tricarbonyliron complexes are essentially unknown. (The single reported reaction to date involved stirring a vinylallene complex with tetracyanoethylene which led to decomplexation and isolation of the free allene (ref. S).) Our attention focussed on the outcome of oxidising the vinylallene complexes produced as described above. We found that stirring these complexes with FeC13 and work-up led to the isolation of 5,5-disubstituted 2(5H)-furanones (scheme 19, ref. More work is required to delineate a detailed mechanism for the oxidation of the vinylallene complexes to the 2(5H)-furanones. It may be postulated, however, that the first step is an FeC13-mediated one-electron oxidation of the vinylallene complex to give a cationic species (route a, scheme 20). Subsequent internal nucleophilic attack on the $-ally1 ligand by the carboalkoxy group leads to an intermediate which under the acidic reaction conditions will give rise to the product 2(5H)-furanones by protonation of the iron centre followed by reductive elimination and hydrolysis of the C=O+R group. An alternative mechanism (route b, scheme 20), in which the FeC13 leads to complete decomplexation and generates the free vinylallene ligand, cannot be discounted as uncomplexed 1 -carboethoxyallenes have been reported to cyclise to 2(5H)-furanones under acidic conditions (ref. 12). Investigations to distinguish between the two types of mechanism using optically pure vinylallene complexes are in hand. 
